webAIRS is a web-based de-identified anaesthesia incident reporting system, which was introduced in Australia and New Zealand in September 2009. By July 2016, 4,000 incident reports had been received. The incidents covered a wide range of patient age (<28 days to >90 years), American Society of Anesthesiologists physical status, and body mass index (<18.5 to >50 kg/m 2 ). They occurred across a wide range of anaesthesia techniques and grade of anaesthesia provider, and over a wide range of anaesthetising locations and times of day. In a high proportion the outcome was not benign; about 26% of incidents were associated with patient harm and a further 4% with death. Incidents appeared to be an ever-present risk in anaesthetic practice, with extrapolated estimates exceeding 200 per week across Australia and New Zealand. Independent of outcomes, many anaesthesia incidents were associated with increased use of health resources. The four most common main categories of incident were Respiratory/Airway, Medication, Cardiovascular, and Medical Device/Equipment. Over 50% of incidents were considered preventable. The narratives accompanying each incident provide a rich source of information, which will be analysed in subsequent reports on particular incident types. The summary data in this initial overview are a sober reminder of the prevalence and unpredictability of anaesthesia incidents, and their potential morbidity and mortality. The data justify current efforts to better prevent and manage anaesthesia incidents in Australia and New Zealand, and identify areas in which increased resources or additional initiatives may be required.
Introduction
In 2007 the Australian and New Zealand College of Anaesthetists (ANZCA), the Australian Society of Anaesthetists, and the New Zealand Society of Anaesthetists formed a tripartite anaesthesia data committee (ANZTADC) to establish, fund, and oversee a bi-national on-line anaesthesia incident reporting system. The system is known as webAIRS, which is a web-based anaesthetic incident reporting system, developed by the inaugural medical director, Dr Martin Culwick. webAIRS provides a mechanism for anaesthetists in Australia and New Zealand to voluntarily report anaesthesia incidents in a de-identified manner electronically and confidentially to the webAIRS website at no cost to the reporter. After pilot testing, webAIRS was first made available in 2009, and up to July 2016, over 130 reporting sites had been registered and over 4,000 individual de-identified anaesthesia incident reports had been received. This milestone of 4,000 incidents presents a suitable opportunity to commence an analysis of the incidents reported so far.
Incident reporting is recognised as a fundamental pillar of patient safety and clinical risk management [1] [2] [3] [4] . Every incident is a learning opportunity, even if no harm occurs. Incident reporting extends the learning opportunity to all those exposed to the reporting process, whether this is at a practice, department, hospital, national, or international level. Analysis of individual incidents may identify system or human factors that can be rectified or prevented in future, thereby improving patient safety at a local level. In addition, analysis of large groups of incidents provides an opportunity to identify recurring themes, with the potential to improve safety more broadly. The purpose of webAIRS is to provide an opportunity to identify such themes.
In 1993 a symposium issue on the first 2,000 incidents reported to the Australian Incident Monitoring Study (AIMS) was published in Anaesthesia and Intensive Care 5 . This symposium consisted of 30 papers covering analyses of incidents by type and by factors involved in their causation. For webAIRS a different approach to publication will be undertaken, with papers in more broad categories published sequentially. This initial report presents a cross-sectional overview of the first 4,000 incidents reported, along with a description of the methods used to ensure internal validity of the data obtained.
Methods
The webAIRS program complies with current ethics requirements for the collection of de-identified quality assurance data in Australia as outlined by the National Health and Medical Research Council in 2014 6 . Before March 2014, ethics approval was obtained for the analysis and publication of de-identified data on a site-by-site basis. Additionally, multicentre approval is maintained at the Royal Brisbane & Women's Hospital Human Research Ethics Committee (HREC/11/QRBW/311) and the Nepean Blue Mountains Local Health District (HREC/12/NEPEAN/18). In New Zealand, ethics approval has been obtained from the Health and Disability Ethics Committee, (MEC/09/17/EXP). Reporters at each site must comply with local institutional approval requirements.
webAIRS is a craft-specific incident reporting system for anaesthetists, designed to be accessible (i.e. web-based) and easy to use, so that anaesthetists can enter reports without prior training. The data entry screens are largely self-explanatory. There is no formal list of definitions, but pop-up boxes provide information on particular fields. The reports are confidential, and protected by qualified privilege in both Australia and New Zealand (so it is a criminal offence to use the data for any purpose other than quality assurance under the auspices of ANZTADC). The records are collected in a de-identified fashion, and additionally each narrative is checked by a data analyst for information that might identify a patient, practitioner, institution or event, and any such information is rephrased in anonymous terms (such as 'the organisation') if possible, or removed if not. The taxonomy of the database is relevant to the specialty (the data entry fields can be seen at the demonstration site https://www.anztadc. net/demo/IncidentTabbed.aspx). Access to the system is restricted to members of the three founding organisations. A downloadable brochure on the system is available at www. anztadc.net.
The data can be entered from any registered site or by any registered user through a web browser, and are transferred to two separate databases (one written in Microsoft Access and one in Microsoft SQL Server 2008, Microsoft Corporation trading as NASDAQ:MSFT Redmond, WA, USA) using Hyper Text Transfer Protocol Secure (HTTPS, a protocol for the secure transfer of data over computer networks). These databases are generated by separate algorithms and are housed on a secure server by a commercial internet services provider (WASP Australia Pty Ltd). The data are backed up daily, locally, and off-line, by the internet service provider. Additional backups to removable storage media are performed by the medical director several times a week, and stored off-line in a fixed safe under a monitored commercial alarm system.
Each incident report is reviewed by an ANZTADC officer, who inspects the narrative for any information that could make the incident identifiable. Reports that are blank, or contain information that explicitly identify them as tests are eliminated. If two reports entered within a short time frame are considered on the grounds of similarity to pertain to the same incident, the report with the most information is retained and the other is marked as a duplicate and removed from further analysis.
A drop-down list is used to allocate each report into one of seven primary categories (see Table 8 ), and a further, category-specific drop-down list then allows one of several subcategories to be selected. These categories and subcategories were developed before designing the databases in consultation with the ANZTADC committee after reviewing several other international incident reporting systems.
A pilot exercise was conducted to confirm the functionality of the system. A range of users entered data and provided feedback on the useability of the interface and on the suitability of the fields, and appropriate modifications were made. The system was then released for definitive use, and actively promoted throughout Australia and New Zealand.
Once it was clear that at least 4,000 genuine incidents had been reported, the first 4,000 were segregated to form a common basis for a series of analyses and publications. Password-protected Excel files were generated by retrieving the records from the databases using structured query language (SQL) scripts. We generated the summary information presented in the results by using the database (with SQL) and Excel, respectively, and cross-checking for agreement. Any discrepancies were reviewed and resolved by identifying and correcting the reason in each case. Missing data were not imputed: percentages for each variable were calculated using 4,000 as the denominator (unless otherwise indicated). While every attempt was made to ensure that all summary data, including percentages, were accurate, minor inaccuracies could not be completely excluded without further detailed review of every field of every record, including the narrative text fields.
A further check for duplicate, test or empty records was also made. All remaining incidents were considered valid.
Results
The first valid incident was reported in September 2009. The 1,000th valid incident was reported 35 months later in August 2012, by which time there were 46 sites reporting. The 2,000th valid incident was reported 21 months later in May 2014, by which time there were 93 sites reporting. The 3,000th valid incident was reported in July 2015, by which time there were 115 sites reporting. The 4,000th valid incident was reported in July 2016, by which time there were 134 sites reporting. Overall the 4,000 incidents were reported over an 82-month period, or slightly less than seven years.
Not all 4,000 incidents involved a particular patient; in 45 incidents no patient was involved and in eight the report did not refer to a particular patient. For many incidents, data for some variables were not specified. Non-specification was <5% for most variables although it was as high as 24.9% for body mass index (BMI). The number of fields with missing data (including data not related to a patient when relevant) have been shown explicitly in the tables.
The summary data for patient age, American Society of Anesthesiologists (ASA) physical status, and BMI are presented in Tables 1-3 . There was a wide range of ages from <28 days to >90 years, of ASA physical status from 1 to 5, and of BMI from <18.5 to >50 kg/m 2 . About 45.3% of incidents involved females and 44.7% involved males, with sex not being specified for about 10% of incidents. Sixty-two percent of patients involved were undergoing elective procedures, with about 33% being 'urgent or emergent', and about 5% being not specified. Incidents considered 'preventable' by the reporters made up 52.2%, with 35.8% considered 'not preventable', and 12.1% being not specified.
The type of anaesthetic and grade of anaesthetist are presented in Tables 4 and 5 . The majority of anaesthetics were general anaesthetics (>70%) and the majority of anaesthetists were specialist anaesthetists (>75%). About 5% of incidents involved peripheral regional anaesthesia, and about 10% involved a neuraxial block. About 6.7% involved local anaesthesia, with or without sedation. Most incidents occurred in an operating theatre (68.8%), an anaesthesia induction room (4.9%), or an anaesthesia recovery room (8.4%) ( Table 6 ). However, incidents occurred in a range of other sites including gastroenterology, radiology, cardiology, or bronchoscopy suites, and patient assessment areas. Seventy-eight percent of the incidents occurred between 0800 and 1800 hours, 8.5% between 1800 and 2200, and 5% between 2200 and 0800, with 8.5% of the times unspecified ( Table 7) .
The main categories of incident type are presented in Table  8 . In this table, the data are presented for the total 4,000 incidents as well as by subgroups for the first, second, third, and fourth 1,000 incidents. Some incidents had more than one main category. The most common incident category for the 4,000 incidents was Respiratory, followed by Medication, Cardiovascular, and Medical Device/Equipment. This ranking was consistent across the four subgroups, with the exception of the first 1,000 incidents, in which there were slightly more Medical Device/Equipment incidents than Cardiovascular incidents. Together these four categories made up more than 70% of all incidents. Overall the percentages in each category were within 10%-15% proportionally of the mean value across the four 1,000 incident subgroups.
There was an occasional disparity between the category under which the incident was coded by the reporter and the details in the associated narrative. These disparities, which involved only a few percent of incidents, will be considered further in subsequent analyses. While subgroup analyses were not a part of the initial overview, it was observed that there were 189 incidents coded as aspiration, 187 as anaphylaxis, 172 as airway or intubation problem, 161 as unexplained or severe hypotension, and 13 as awareness.
The reported outcomes for the incidents are presented in Tables 9 and 10 . Once again, the data are presented for the total 4,000 incidents as well as by subgroups for the first, second, third, and fourth 1,000 incidents. Overall about 70% of incidents were associated with no harm, about 26% with harm (which may have been temporary or permanent, mild, moderate or severe), and about 4% with death (Table 9 ). These percentages were relatively consistent across the four subgroups (within 5% absolute of the mean value for harm; within 1.2% absolute of the mean value for death). Overall, the case was cancelled in about 4% of incidents, ICU/HDU (intensive care unit/high dependency unit) admission was required in about 13.5%, and prolonged hospital length of stay was reported for about 7% of incidents (Table 10 ).
Discussion
The data from these 4,000 incidents indicate that anaesthesia incidents in Australia and New Zealand occur across an extremely wide range of patient age, BMI, and ASA physical status. They occur across a very wide range of anaesthesia techniques and grade of anaesthesia provider, and over a wide range of locations and times of the day. This information alone is a sober reminder to all anaesthetists that anaesthesia incidents are unpredictable and can potentially occur in any patient at any time in any anaesthetising location.
The data also indicate that in a high proportion of anaesthesia incidents the outcome is not benign. About 26% of the incidents were associated with patient harm and a further 4% with patient death. The degree and duration of harm, and the causes of the deaths will require detailed analysis and scrutiny, which will be the subject of future webAIRS reports. Nevertheless, even temporary or minor harm is an unsatisfactory outcome, as is any contribution, however small, to patient death. Independent of the outcome, many anaesthesia incidents were associated with an increased use of resources. For example, in about 4% of incidents the case involved was cancelled, in about 13% an unplanned ICU or HDU admission was required, and in about 7% there was a prolonged hospital length of stay.
The data also confirm that anaesthesia incidents are an ever-present risk in anaesthetic practice. Between July 2015 and July 2016 about 1,000 incidents were reported to webAIRS from up to 134 sites. This represents about 20 incidents per week. However, 134 sites is only a small proportion of the >1300 hospitals in Australia 7 and >150 in New Zealand 8 . It is also not clear whether all currently registered sites capture or report all incidents. For these reasons, the number of incidents reported to webAIRS is neither an accurate nor a reliable numerator of anaesthesia incidents in Australia and New Zealand. It is likely that only 10% or less of the total number of anaesthesia incidents occurring in Australia and New Zealand are currently captured. As such, the true number of anaesthesia incidents occurring across Australia and New Zealand each week may be closer to 200 or even higher. Given that every incident has the potential for increased use of resources, temporary or permanent harm, or even death, this estimate indicates that anaesthesia incidents represent a major source of risk to patients and costs to healthcare. Ideally anaesthetists would like to prevent or avoid all anaesthesia incidents. However, where this is not possible they would like to know how they are best managed. Incident reporting allows anaesthetists to learn from the collective experiences of their colleagues, thereby improving patient safety [1] [2] [3] [4] . In over 50% of the 4,000 incidents reported to webAIRS, the reporter indicated that the incident was 'preventable'. The challenge for our specialty is to determine how these incidents can be prevented and to institute appropriate measures of prevention. The other challenge is how best to manage incidents that at present cannot be prevented. While most of the clues from the webAIRS database will be determined by qualitative analysis of the narratives provided with each incident, collation of data from a large number of incidents facilitates a broader perspective, with the potential to identify areas and trends requiring further attention, scrutiny, or resources.
The value of webAIRS, as with all incident reporting systems, lies mostly in the narratives associated with each incident. It is not possible to calculate accurate incidences from data of this type. This is because reporting bias cannot be excluded. For example, it is possible that only 'more serious' incidents were reported to webAIRS, resulting in a skew to more patient harm and death as outcomes. Alternatively, there may have been under-reporting of the more serious outcomes, due to medicolegal concerns, despite the anonymity. The incidents reported by the currently registered sites may also not be representative of incidents in the broader anaesthesia community. Therefore, the summary data must be interpreted with caution. Nevertheless, the reports were received from a very wide range of sites across Australia and New Zealand and the confidential and de-identified nature of the reporting mechanism would have encouraged frank and unbiased reporting.
Despite the limitations of all forms of incident reporting for determining incidences or proportions in the wider population, two internal observations support the external validity of the webAIRS data. Firstly, the percentage of incidents in the main categories was within about 10%-15% proportionally of the mean percentages across the first, second, third, and fourth 1,000 incidents, considered separately, with the exception of Medical Device/Equipment incidents (Table 8) . For example, Respiratory/Airway incidents ranged from 23.4% to 28.6% of the total number of incidents across the four groups, with a mean of 27%. These similarities across a range of incident categories occurred despite the incidents being reported several years apart and from a different number of sites: the first 1,000 incidents were reported between 2009 and 2012 by 46 or fewer sites, while the final 1,000 incidents were reported from 2015 to 2016 by up to 134 sites. Secondly, the overall outcomes in terms of harm and no harm were within 5% absolute of the mean value for the first, second, third, and fourth 1,000 incidents ( Table 9 ). The patient death outcomes were within 1.2% absolute of the mean value. It is unlikely that any systematic bias would have been this consistent.
The summary data suggest that the most common incident categories are Respiratory/Airway, Medication, Cardiovascular, and Medical Device/Equipment, although incidents were not confined to these categories. This information can be used to justify and support current and future efforts to prevent and manage incidents in these areas. The only obvious change in the incident category numbers was a decrease in the proportion of Medical Device/ Equipment incidents over the most recent 2,000 incidents (Table 8 ). Of concern is the persistence of Medication as the second most common major category, because this may be under more control of anaesthetists than Respiratory/Airway and Cardiovascular incidents, which may be influenced more by patient factors. A more in-depth analysis will occur in subsequent webAIRS reports in which the narratives of each incident type will also be considered.
In 1993 Webb et al 9 reported an overview of the analysis of the first 2,000 AIMS reports, which was accompanied by 29 related articles in a symposium issue of Anaesthesia and Intensive Care. While the methods of analysis were not directly comparable with the webAIRS analysis, a similar proportion of patient harm was reported by AIMS (25%). The proportion of anaesthesia deaths, however, was smaller (2%). They also had a slightly lower proportion of ASA 3-5 patients. There have been several subgroup analyses based on up to 5,000 AIMS reports since, involving both anaesthesia 10 and intensive care 11 . In 2005, data from the AIMS database were used in an editorial about anaesthetic sources of iatrogenic harm 12 . It may be possible to compare themes identified in subsequent webAIRS subgroup reports with the previous AIMS subgroup reports. Data may also be compared with other adverse event reporting systems such as the Victorian Consultative Council on Anaesthetic Morbidity and Mortality (VCCAMM) 13 , and the Victorian Anaesthesia Safety Project 14 . Adverse anaesthesia incidents outcomes have also been published using de-identified data from medical defence organisations 15 . Overseas, reviews of anaesthesia incidents have been reported from Singapore 16 and Thailand 17 . National anaesthesia incident reporting has been available in the United States since 2011 18 and is about to undergo a pilot trial in Canada (M. Culwick, personal communication).
A particular benefit of incident reporting is being able to learn not only from incidents that are associated with harm, but also from incidents that are associated with no harm. In most incidents where 'no harm' occurs, the patient is still exposed to an unnecessary hazard, and the absence of harm is 'fortuitous', because it is only by good fortune rather than by good design that no harm occurs 19 . For example, failure to cross-match blood for a procedure with anticipated massive blood loss may be discovered when the blood is required urgently, resulting in a delay to transfusion, haemodynamic compromise, and patient harm. Alternatively, the procedure may proceed fortuitously without a need for blood transfusion, in which case the error may be discovered only postoperatively without patient harm. Nevertheless, once discovered, preventing a repetition of the error is just as important as if harm had occurred. This concept was explained by Heinrich as early as 1931 in relation to industrial accidents 20 . In the first 4,000 incidents reported to webAIRS, about 70% were associated with 'no harm'. In terms of prevention, the narratives from these incidents may be just as valuable as the narratives in which harm occurred.
One potential criticism of centralised de-identified incident reporting is that a central de-identified registry has no mechanism for introducing local changes to improve safety at the site the incident occurred. Nevertheless, reporting incidents to a central registry such as webAIRS does not preclude the contemporaneous reporting at a local level if opportunities for local reporting exist. In fact, webAIRS has the facility to be used as a virtual local reporting system, by allowing sites to retrieve their own data using a confidential password to access their incidents only.
In summary, this cross-sectional overview of the first 4,000 incidents reported to webAIRS demonstrates that incidents occur across a very wide range of patient demographics, anaesthesia type, grade of anaesthetist, anaesthetising locations, and times of day. This lack of predictability indicates that all anaesthetists must be prepared to manage clinical incidents of a range of types and severity at any time. The data also indicate that the incidents are often associated with patient harm and even death, justifying current and future efforts to prevent incidents where possible, and to better manage them when necessary. While it is not possible to generalise with confidence using data from incident reports, the relatively large number of reports suggests that anaesthesia incidents are an ever-present risk in anaesthesia practice. The most common categories of incident were Respiratory/Airway, Medication, Cardiovascular, and Medical Device/Equipment. More detailed analysis of these categories and their subcategories will be the subject of future webAIRS reports.
